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@ Tire initial difference correcting process and tire air-pressure reduction detecting apparatus. 

® In accordance with a tire air-pressure reduction detecting apparatus of the present invention, if it is judged 
that tires all have a normal air pressure, it is judged whether or not a count value (C) is not less than a steady- 
state count (U), and then if the count value (C) is not less than the steady-state count (La), a counter (GNT) is 
decremented. That is. the count value (C) is kept to the steady-state count (L2) at the lowest, from which 
incrementation is started. On the other hand, if it is judged thai a tire air pressure is reduced, it is judged 
whether or not the count value (C) is less than an upper counting limit (Li), and then if the count value (0) is less 
than the upper counting limit (Li ). the counter (CNT) is incremented. That is, the count value (C) is kept to the 
upper counting limit (Li ) at the highest, from which decrementation is started. Then, if the count value (C) is not 
less than a warning threshold count (N,). a warning is issued, and if the count value (0) is less than a warning 
stooping threshold count (N2), the warning is stopped. Thus, the frequency of the issuance of erroneous 
waitings can be reduced. 
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BACKGROUND OF THE INVENTION 

The present Invention relates to apparatuses for detecting and warning against a reduction In the air 
pressure of a tire on a four-wheeled vehicle. 

In recent years, there have been invented tire air-pressure reduction detecting apparatuses as a safety 
device for four-wheeled vehicles such as automobiles, trucks and the like, some of which have already been 
put into practical use. 

The tire air-pressure reduction detecting apparatuses have been developed in recognition of the 
importance thereof for the following reason. If the air pressure of a tire is reduced, the tire has an increased 
flexure and the temperature thereof rises, thereby reducing the strength of polymer material of the tire. This 
will result in the burst of the tire. However, a driver is hardly aware of the reduction in the tire air pressure. 

A tire air-pressure reduction detecting process for use in the tire air-pressure reduction detecting 
apparatuses is. for example, based on a difference among the rotational angular velocities Fi, Fz, F3 and F4 
(which are generally referred to as "rotational angular velocity F|") of four tires Wi, W2. W3 and W4 (which 
correspond to a front left v/he©l. front right wheel, rear left wheel and rear right wheel, respectively, and are 
generally referred to as "tire W5") attached to a vehicle. 

In accordance with this tire air-pressure reduction detecting process, the rotational angular velocities Fj 
of the tires Wj are detected on a predetermined sampling cycle AT, for example, based on signals output 
from wheel velocity sensors mounted on the tires Wj. If the dynamic load radii of the respective tires Wj - 
(radii as calculated by dividing by 2-11 a traveling distance of the vehicle for each turn of the respective tires) 
are all the same, the rotational angular velocities Fj of the respective tires W, are also all the same when the 
vehicle is traveling straight. 

The dynamic load radius of the tire Wj is changed, for example, by a change in the air pressure of the 
tire W,. That is. if the air pressure of the tire Wi is reduced, the dynamic load radius of the tire Wj becomes 
smaller than that observed when the tire air pressure is normal. Accordingly, the rotational angular velocity 
Fj of the tire Wj becomes higher than that observed when the tire air pressure is normal. Therefore, the 
reduction in the air pressure of the tire W| can be detected based on a difference in the rotational angular 
velocity Fj. A determinant equation for detecting a reduction in the air pressure of the tire Wj is shown 
below (which Is detailed in British Patent Applications No. EP 291217(A) and No. EP 441600(A)): 



(1) 



Fj + F2 + F3 + F^ 



X 100(%) 



Provided that the dynamic load radii of the respective tires W| are all the same, for example, the 
rotational angular velocities Fj of the tires W| are all the same (Fi = F2 = F3 = F4). and the determinant 
value D is calculated to be 0. Thresholds Dthi and Dth2 (Dthi > 0 and Dth2 >0) are set for the determinant 
value D. If the determinant value D satisfies inequality D < -Dthi or D > 0^2. it is judged that there exists 
any tire Wj having a reduced air pressure. If the determinant value D does not satisfy the above inequality, 
it is judged that there is no tire having a reduced air pressure. When it is judged that there exists any tire 
Wj having a reduced air pressure, a warning is issued by means of a display device and/or speaker. 

Another art tor judging the reduction in the air pressure is disclosed In Japanese Unexamined Patent 
publication No. 3-60D06 (1991). Though a warning is issued on the sampling cycle AT when it is judged 
that there exists any tire W| having a reduced air pressure in accordance to the aforesaid prior art, a 
warning is issued only when a difference in the rotational angular velocity Fj between left and right tires is 
continuously observed for a predetermined time period in accordance with the art disclosed in this 
literature. More specifically, the rotational angular velocities Fi and F2 of the front left tire W, and front right 
tire W2 or the rotational angular velocities F3 and F4 of the rear left tire W3 and rear right tire W4 are 
compared with each other, and a count is taken every time there exists any difference between the 
rotational angular velocities F^ and F2 or between the rotational angular velocities F3 and F*. When the 
count value reaches a predetermined value, the warning is issued. 
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Still another art is disclosed in Japanese Examined Utility Model Publication No. 4-11844 (1992). 
Though influences of various fluctuation factors are not taken into consideration in accordance with the 
aforesaid prior art, rotational angular velocities Fj v/hich are calculated when any tire Wj seems to be slipped 
or locked are excluded for the detection of the reduction in the air pressure of tire W| in accordance with the 
art disclosed in this literature. More specifically, it Is first judged whether or not the ratio F1/F2 between the 
rotational angular velocities Fi and F2 of the front left tire Wi and front right tire W2 and the ratio F3/F4 
between the rotational angular velocities F3 and F^ of the rear left tire W3 and rear right tire W4 are both out 
of a predetermined range, and the respective rotational angular velocities F| other than those calculated 
when it is judged that both of the ratios are out of the range are added up for a predetermined time period. 
Then, it is judged whether or not the air pressure of tire W, is reduced, based on the sum of the respective 
rotational angular velocities Fj. 

Even if the tires Wi to W4 have a normal air pressure, the dynamic load radii of the tires Wi to are 
not always the same. This is because the tires W, are manufactured with a certain variation in the dynamic 
load radius within a standard tolerance (herein after referred to as "initial difference"). It is known that the 
variation is about 0,1% on the basis of the standard deviation. On the other hand, if the air pressure of tire 
Wj is reduced by about 0.6Kg/cm2 (about 30% reduction if the normal air pressure is about 2,0Kg/cm2). for 
example, the dynamic load radius changes by about 0.2% compared with that observed when the air 
pressure is normal. That is, the variation in the dynamic load radius due to the Initial difference is about the 
same as that due to the air-pressure reduction. Accordingly, the difference in the rotational angular velocity 
F, due to the initial difference is also about the same as that due to the air-pressure reduction. This means 
that, even if the determinant value D calculated from the aforesaid equation (1) Is not 0, the air pressure of 
the tires W, can be normal. Therefore, the reduction in the air pressure can not be detected accurately only 
by a method of using the determinant value D on the basis of 0. 

Further, when tires are replaced or charged with air. a slight variation in the dynamic load radius 
equivalent to the initial difference may be observed. This also prevents accurate detection of the reduction 
in the air pressure. 

To solve this problem, correction factors should be calculated to correct the initial difference before the 
detection of air-pressure reduction is can-ied out. (This process is hereinafter referred to as "initial 
correction process".) In this initial correction process, the correction factors C| are calculated, for example, 
with the rotational angular velocity of any one of the tires W| being set as a correction reference, when alt 
the tires Wi. W2. W3 and W4 have a nomnal air pressure, and then the rotational angular velocities Fj of the 
other tires Wj are multiplied by the calculated correction factors. 

Besides the problem of the Initial difference, there exists another problem concerning the traveling state 
of a vehicle in an air-pressure reduction detecting process. When the vehicle is traveling at a high 
forward/backward acceleration, the tires may be slipped. The rotational angular velocities Fj detected when 
the tires are slipped may result in an erroneous judgement. To solve this problem. Japanese Unexamined 
Patent Publication No. 63-305011 (1988) and Japanese Examined Utility Model Publication No. 4-11844 
(1992). for example, disclose arts in which data of the rotational angular velocities F, detected under 
inappropriate conditions can be excluded. 

In accordance vAfh the art disclosed in Japanese Unexamined Patent Publication No. 63-305011 (1988). 
a forward/backward acceleration detecting unit installed in a vehicle outputs signals indicative of a 
forward/backward acceleration, and If the forward/backward acceleration continuously exceeds a predeter- 
mined level (for example. 0.03G) for a predetermined time period (for example. 6 seconds), data of 
rotational angular velocities Fj detected at that time are excluded. 

When the forward/backward acceleration is high (for example, when a load is shifted forward or 
backward in a rapidly accelerated vehicle), the driving tires of the vehicle may be slipped. Since the 
slippage of the left and right driving tires does not always balancedly occur, the rotational frequencies of the 
driving tires differ from each other even when the air pressure of the tires is normal during the straight 
traveling of the vehicle. As a result, the determinant value D calculated from the aforesaid equation (1) is not 
equal to 0, and an erroneous judgement is made that the air pressure is reduced. The art disclosed in this 
literature improves the accuracy of the detection of the air-pressure reduction by excluding the data of the 
rotational angular velocities F| obtained when the fonftrard/backward acceleration is high. 

On the other hand. In accordance with the art disclosed in Japanese Examined Utility Model Publication 
No. 4-11844 (1992). the ratio F1/F2 of a rotational angular velocity Fi of a front left wheel to a rotational 
angular velocity F2 of a front right wheel and the ratio F3/F4 of a rotational angular velocity F3 of a rear left 
wheel to a rotational angular velocity F4 of a rear right wheel are calculated, and It is judged whether or not 
the ratios F1/F2 and Fa/F* are within a predetermined range. If the rotational angular velocity ratios F1/F2 
and F3/F4 are out of the predetermined range, it is considered that any of the tires W, Is slipped or locked. 
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and data of the rotational angular velocities Fi obtained at that tinne are excluded. 

When any of the tire Wi is slipped or locked, the outputs of the wheel velocity sensors have a certain 
variation and, therefore, the data of the rotational angular velocities Fi include certain errors. The art 
disclosed in this literature realizes highly accurate detection of the reduction in the air pressure by 
5 excluding the data of rotational angular velocities Fi which may include such errors. 

However, the tire air-pressure reduction detecting processes described above have the following 
drawbacks:(A)ln accordance with the art disclosed in Japanese Unexamined Patent Publication No. 63- 
305011 (1988), the data of the rotational angular velocities Fj detected when the vehicle is traveling at a 
lower speed are not excluded. Since the wheel velocity sensor is incapable of providing a correct output 
10 when the vehicle is traveling at a low speed, the data of the detected rotational angular velocities Fj include 
errors. Therefore, this art has a disadvantage that the reduction in the air pressure can not be correctly 
detected based on the rotational angular velocities Fj having such errors. 

On the other hand, in accordance with the art disclosed in Japanese Examined Utility Model Publication 
No. 4-11844 (1992), a steering angle sensor for detecting the steering angle of a steering wheel is requisite 
76 for preventing erroneous detection of the air-pressure reduction during the cornering of the vehicle. Since 
the air-pressure reduction detecting apparatus of this art requires a complicated construction, the apparatus 
tends to be expensive. 

Though the foregoing prior arts intend to solve the disadvantages by performing the initial correction 
process before the air-pressure reduction detecting process, the initial correction process itself may still 
20 have drawbacks similar to those which the prior arts intend to solve (including a variation in the rotational 
frequency of the driving tires due to a high forward/backward acceleration). That is, the data of the rotational 
angular velocities F} still include errors in the initial correction process performed before the air-pressure 
reduction detecting process, hence the reduction in the air pressure can not be accurately detected. 
Therefore, what should be done first is to improve the accuracy of the initial correction process. 
25 (B) The dynamic load radius is influenced by such factors as a variation within a standard tolerance 
which is caused at the production of the tires Wj, the surface conditions of a road including roughness of 
the road, and vehicle traveling states including a velocity of the vehicle, the curvature radius of a road on 
which the vehicle is traveling, and the acceleration in a forward or backward direction (forward/backward 
acceleration) and the lateral acceleration (lateral G) of the vehicle. Even if the air pressure of the tires Wi 
30 is normal, the dynamic load radius is fluctuated due to the aforesaid factors, thereby fluctuating the 
rotational angular velocities F| of the tires W|. 

The fluctuation in the rotational angular velocity F| occurs due to various fluctuation factors both 
when the air pressure is reduced and when the air pressure is normal. In accordance with the art utilizing 
the aforesaid determinant equation (1). even if the air pressure is normal, the determinant value D may 
35 take a value out of the range between -Dthi and Dth as shown in Rg. 1 0(a). On the contrary, even If the 
air pressure is reduced, the determinant value D may take a value within the range between -Dtw and 
Dth as shown In Fig. 10(b). As a result, the following problems occur: 
® An erroneous warning is issued when the air pressure is normal; and 
(g) A warning is not issued even when the air pressure is reduced. 
40 In either case, the issuing and stopping of the warning are frequently repeated, thereby losing the 
reliability of the warning against drivers. Thus, the art utilizing the determinant equation (1) has a problem 
of the fluctuation in the determinant value D. 

On the other hand, in accordance with the art disclosed in Japanese Unexamined Patent Publication 
No. 3-50006 (1991), the warning is issued after the condition is monitored for a predetermined time 
45 period and, therefore, the problem Q) could be eliminated. However, if the difference in the rotational 
angular velocity F| between right and left tires Wj which may be caused due to various fluctuation factors 
is continuously detected for a certain time period (whether short or long) when the air pressure is normal, 
the count value may be added up to the predetermined value, and an erroneous warning may be issued. 
Therefore, this art also suffers the problem of erroneous warnings which may be Issued if the vehicle 
50 travels for a long time. 

In this art. no consideration Is given to the aforesaid problem ®. 
(C) The fluctuation in the determinant value D which is caused due to various fluctuation factors is of 
substantially the same order as that which is caused due to ttie reduction in the air pressure. Therefore, 
erroneous detection of the reduction in the air pressure may occur when the air pressure is not reduced. 
55 In accordance with the art disclosed in Japanese Examined Utility Model Publication No. 4-11844 

(1992), only the rotational angular velocities Fj calculated when it is judged that both of the ratios F1/F2 
and F3/F4 are out of the predetermined range are excluded for the detection of the air-pressure 
reduction. Therefore, all the various fluctuation factors are not taken into consideration. Accordingly, this 



5 



EP0 657 313 A2 



art can not provide means for assuredly detecting the reduction in the air pressure of tire W| at any time. 
SUMMARY OF THE INVENTION 

5 It is a first object of the present invention to provide a tire initial difference correcting process for use in 
a tire air-pressure reduction detecting apparatus which can highly accurately and quickly correct the initial 
difference of tires, thereby correctly detecting the reduction in the tire air pressure. 

It Is a second object of the present invention to provide a tire air-pressure reduction detecting apparatus 
which can improve a warning reliability. 
10 It is a third object of the present invention to provide a tire air-pressure reduction detecting apparatus 
which can assuredly detect the reduction in the tire air pressure. 

(1) In accordance with one feature of the present invention, to achieve the aforesaid first object, there is 
provided a tire initial difference correcting process, comprising the steps of: calculating a velocity of a 
vehicle: Judging whether or not the calculated velocity is greater than a predetermined threshold level; 
75 determining to employ rotational angular velocities of tires, only when it is judged that the calculated 
velocity is greater than the predetermined threshold level, for correcting an initial difference in dynamic 
load radii of the tires based on a variation in performance and air pressure of the tires; obtaining 
correction factors based on the rotational angular velocities determined to be employed for correcting the 
initial difference; and correcting the initial difference based on the correction factors thus obtained. 
20 In accordance with another feature of the present invention, there is provided a tire initial difference 

correcting process, comprising the steps of: detecting forward/backward accelerations based on rota- 
tional angular velocities of tires; judging whether or not the detected forward/backward accelerations are 
lower than a predetermined threshold level; determining to employ the rotational angular velocities, only 
when it is judged that the detected forward/backward accelerations are lower than the predetermined 
25 threshold level, for correcting an initial difference in dynamic load radii of the tires based on a variation in 
performance and air pressure of the respective tires; obtaining correction factors based on the rotational 
angular velocities determined to be employed for correcting the initial difference; and correcting the 
initial difference based on the correction factors thus obtained. 

With these arrangements of the present invention, the initial difference correction is made by 
30 excluding the rotational angular velocities detected when the vehicle is traveling at a low speed which 
may include erroneous rotational angular velocity data or those detected when the forward/backward 
acceleration is high and such phenomena as slippage of the tires frequentiy occur. Therefore, the initial 
difference of the tires can be highly accurately corrected. 

Accordingly, the reduction in ihe tire air pressure can be highly accurately detected. This will be 
35 useful for safety driving. 

In the tire initial difference correcting process of the present invention, the initial difference may be 
otherwise corrected by using rotational angular velocity data collected until a traveling distance of the 
vehicle calculated based on the rotational angular velocities reaches a predetermined straight traveling 
distance. 

40 In accordance with this process, the initial difference is corrected based on an average of the 

correction factors which are calculated based on rotational angular velocity data collected until the 
traveling distance of the vehicle reaches a predetermined straight traveling distance. The vehicle has 
only to travel a predetermined straight distance for the correction of the tire initial difference. Therefore, 
the time required for the correction of the initial difference can be significantly reduced, for example, by 

45 setting the straight traveling distance relatively short. 

Further, in the tire initial difference correcting process of the present invention, the initial difference 
may be otherwise corrected based on an average of the correction factors which are calculated based on 
rotational angular velocity data collected until the traveling distance of the vehicle reaches a predeter- 
mined straight traveling distance. 

60 In accordance with this process, since the initial difference is corrected based on the average of the 

correction factors, the correction of the initial difference can be made more accurately than in the 
conventional process. 

(2) In accordance with still another feature of the present invention, to achieve the aforesaid second 
object, there is provided a tire air-pressure reduction detecting apparatus comprising: a counting means 
55 for counting the number of judgement results obtained by an air-pressure reduction judging means in an 
ascending or descending order which depends on whether a judgement result obtained by the air- 
pressure reduction judging means indicates that a tire air pressure is reduced or that the tire air pressure 
is not reduced, said counting means being adapted to prevent a count value from exceeding a 
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predetermined steady-state count which supports the judgement that the tire air pressure fs not reduced; 
and a warning means for issuing a warning when the count value obtained by the counting means 
reaches a predetermined warning threshold count which supports the judgement that the tire air-pressure 
is reduced. 

5 With this arrangement of the present invention, if a state where the tire air pressure is not reduced is 

maintained during the traveling of a vehicle, the counting is made in a counting order which supports the 
judgement that the tire air pressure is not reduced until the count value reaches the steady-state count, 
and the count value is finally settled at the steady-state count. 

If the judgements that the tire air pressure is reduced are thereafter made continuously, the counting 

10 is made in the reverse order. At this time, the counting is started from the aforesaid steady-state count. 
Then, the counting is further made a predetermined number of times in that reverse order, and the count 
value reaches the predetermined warning threshold count. 

Thus, the counting is made in an ascending or descending order which depends on whether the 
judgement indicates that the tire air pressure is reduced or that the tire air pressure is not reduced. 

75 Therefore, a warning process is not affected by an erroneous judgement which may temporarily occur, 
and the frequency of the issuance of erroneous warnings can be reduced. 

Further, by setting a steady-state count, since the predetermined steady-state count serves as a kind 
of a lower counting limit, a time required for the count value to reach the warning threshold count can be 
reduced. Therefore, such a conventional problem that it takes a long time for the warning to be Issued 

20 can be solved. 

The aforesaid tire air-pressure reduction detecting apparatus may be otherwise arranged such that 
the counting means is adapted to count up to a predetermined upper counting limit which supports the 
judgement that the tire air pressure is reduced, and such that the warning means is adapted to stop 
warning when the count value reaches a predetermined warning stopping threshold count which supports 

25 the judgement that the tire air pressure is not reduced. 

With this arrangement of the present invention, if a state where the tire air pressure is not reduced is 
maintained during the traveling of a vehicle, the count value is settled at the steady-state count as 
previously mentioned. At this time, if erroneous judgements are made due to such influential factors as a 
vehicle traveling state and road state, the counting is made in the ascending order toward the upper 

30 counting limit. Then If the erroneous judgement state further continues, the count value reaches the 
upper counting limit. However, since the actual tire air pressure is not reduced, the counting is made in 
the reverse order. At this time, the counting is started from the upper counting limit. Thereafter, when the 
count value reaches the warning stopping threshold count after the counting is further made a 
predetermined number of times in that reverse order, the warning is immediately stopped. Thus, even if 

35 an erroneous warning is Issued when the actual tire air pressure is not reduced, the erroneous warning 
can be immediately stopped. 

On the other hand, if the tire air pressure is actually reduced, the counting is made in the ascending 
order toward the upper counting limit. When the count value reaches the warning threshold count, a 
warning is issued. At this time, if an erroneous judgement that the tire air pressure Is not reduced is 

40 made due to such influential factors as the vehicle traveling state, road state or the like, the counting is 
made in the reverse order. However, the warning is not stopped until the count value reaches the 
warning stopping threshold count. Since the tire air pressure is actually reduced, the counting is made 
again in the ascending order toward the upper counting limit when a correct judgement is made, and the 
warning is continuously issued. 

45 Thus, if the tire air pressure is actually reduced, the warning can be continuously issued without 

being stopped. Therefore, the reliability of the warning against a driver can be improved. 

In accordance with yet another feature of the present invention, there is provided a tire air-pressure 
reduction detecting apparatus comprising: .i time measuring means; a memory means for storing a 
judgement result obtained by an air-pressure reduction judging means during a predetermined time 

50 period; a count judging means for judging, when the length of a time period measured by the time 
measuring means reaches a predetermined time length, whether a count value stored In the memory 
means for judgement results Indicating that a tire air pressure is reduced is not less than a predeter- 
mined first count value; and a warning means for issuing a warning when it Is judged by the count 
judging means that the count value is not less than the pred&termined first count value. 

55 With this arrangement of the present invention, a warning is issued, if the count of the judgement 

results indicating that the tire air pressure is reduced exceeds the predetermined first count value during 
the predetermined time period. Since such influential factors as the vehicle traveling state and road state 
may temporarily affect the judgement for the tire air-pressure reduction, the count of erroneous 
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judgements for the tire air-pressure reduction due to these influential factors may be kept low within the 
predetermined time period. Accordingly, temporarily occurring erroneous judgements do not trigger a 
warning, thereby reducing the frequency of the issuance of erroneous warnings. 

The aforesaid tire air-pressure reduction detecting apparatus may be otherwise arranged such that 

5 the count judging means Is adapted to judge, when the length of a time period measured by the time 
measuring means reaches the predetermined time period, whether or not the count value stored in the 
memory means for judgement results indicating that the tire air pressure is reduced Is less than a 
predetermined second count value which is set to be less than the first count value, and such that the 
warning means is adapted to stop the warning when it is judged by the count judging means that the 

10 count value Is less than the predetermined second count value. 

With this arrangement of the present invention, the warning is stopped, if the count of the judgement 
results indicating that the tire air pressure is reduced is kept lower than the predetermined second count 
value during a predetermined time period. Even if an erroneous warning is Issued when the tire air 
pressure Is not reduced, the erroneous warning can be Immediately stopped, because the count of 

75 erroneous judgements for the tire air-pressure reduction is kept relatively low within the predetermined 
time period. On the other hand, in the case that the tire air pressure is actually reduced, the probability 
of mistakenly stopping the warning can be reduced, because the count of erroneous judgements 
Indicating that the tire air pressure is not reduced is kept relatively low within the predetermined time 
period. 

20 In accordance with still ar^other feature of the present Invention, there is provided a warning 

issuing/stopping process for issuing and stopping a warning based on a judgement result of whether or 
not a tire air pressure is reduced, wherein a warning Is Issued when the counting of judgement results 
indicating that a tire air pressure is reduced is repeated a predetermined number of times, and the 
warning is stopped when the counting of judgement results indicating that the tire air pressure is not 

25 reduced is repeated a predetermined number of times. 

With this arrangement of the present invention, a warning is Issued only when the counting of the 
judgement results indicating that the tire air pressure is reduced is repeated the predetermined number 
of times. Since such influential factors as the vehicle traveling state and road state which may lead to an 
erroneous judgement temporarily affect the judgement of the air-pressure reduction as previously 

30 mentioned, the count of the erroneous judgements Is significantly lower than that of the correct 
judgements. Therefore, the frequency of the issuance of erroneous warnings can be reduced. 

On the other hand, when the counting of the judgement results indicating that the tire air pressure is 
not reduced is repeated the predetermined number of times, the warning Is stopped. Therefore, even If 
the counting of erroneous judgements Is accidentally repeated the predetermined number of times or 

35 more, and erroneous warning is Issued when the tire air pressure is not reduced, the erroneous warning 
can be stopped immediately after the counting of correct judgements is repeated the predetermined 
number of times or more. Further, even if an erroneous judgement is made when the tire air pressure is 
actually reduced, the warning is not mistakenly stopped unless erroneous judgements are continuously 
made the predetermined number of times or more. 

40 (3) In accordance with yet another feature of the present invention, there is provided a tire air-pressure 
reduction judging process, comprising the steps of: detecting on a cycle of first time period a vehicle 
traveling state in relation to such factors as a velocity of a vehicle, a curvature radius of a road on which 
the vehicle is traveling, lateral and forward/backward accelerations of the vehicle; judging on the cycle of 
first time period whether or not the detected vehicle traveling state is suitable for judging whether or not 

45 a tire air pressure is reduced; and judging whether or not the tire air pressure is reduced, by employing 
rotational angular velocities of tires calculated only when It is judged that the detected vehicle traveling 
state is suitable for judging whether or not the tire air pressure Is reduced, without employing the 
rotational angular velocities calculated when it is judged that the detected vehicle traveling state is not 
suitable for judging wnether or not the tire air pressure is reduced. 

50 With this arrangement of the present invention, the rotational angular velocities calculated only when 

it Is judged that the detected vehicle traveling state Is suitable for judging whether or not the tire air 
pressure Is reduced are employed for judging whether or not the tire air pressure is reduced. The 
traveling state suitable for judging whether or not the tire air pressure is reduced means a traveling state, 
typically, a constant-speed straight traveling, which does not affect the rotational angular velocities to be 

S5 calculated. Thus, the reduction in the tire air pressure can be assuredly detected. 

In accordance with still another feature of the present invention, there is provided a tire air-pressure 
reduction detecting apparatus comprising: a traveling state detecting means for detecting on a cycle of first 
time period a vehicle traveling state in relation to such factors as a velocity of a vehicle, a curvature radius 
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of a road on which the vehicle Is traveling, and lateral and forward/backward accelerations of the vehicle; a 
traveling state judging means for judging on the cycle of first time period whether or not the vehicle 
traveling state detected by the traveling state detecting means Is suitable for judging whether or not a tire 
air pressure is reduced; a memory means for storing data of a judgement result obtained by the traveling 
state judging means, if the judgement result indicates that the vehicle traveling state detected by the 
traveling state detecting means is not suitable for judging whether or not the tire air pressure is reduced; an 
adder means for adding up rotational angular velocities of tires calculated by a rotational angular velocity 
calculating means during a cycle of second time period which is equivalent to an integer multiple of the first 
time period; and an air-pressure reduction judging means being adapted to refer to the data stored in the 
memory means to judge whether or not the tire air pressure is reduced based on a sum of the rotational 
angular velocities added up by the adder means, if there is not stored the data of the judgement result 
indicating that the vehicle traveling state is not suitable, and to prohibit judging whether or not the tire air 
pressure is reduced during the cycle of second time period, if there is stored the data of the judgement 
result indicating that the vehicle traveling state is not suitable. 

With this arrangement of the present invention, the judgement of whether or not the tire air pressure is 
reduced is based on the sum of the rotational angular velocities added up during the cycle of second time 
period which Is equivalent to the integer multiple of the first time period. Therefore, even if any of the 
rotational angular velocities calculated on the cycle of first time period is influenced by such factors as the 
road state, the influence can be eliminated. Since the judgement of whether or not the tire air pressure is 
reduced is made only when all the vehicle traveling states detected a plurality of times during the cycle of 
second time period are suitable for making the judgement, the rotational angular velocities used for the 
judgement are hardly influenced by the vehicle traveling states. 

Thus, the rotational angular velocities which have little influence of the vehicle traveling state and road 
state can be selectively employed for the judgement of whether or not the tire air pressure is reduced, so 
that the reduction in the tire air pressure can be assuredly detected. 

In accordance with yet another feature of the present invention, there is provided a tire air-pressure 
reduction detecting apparatus comprising: a traveling state detecting means for detecting on a cycle of first 
time period a vehicle traveling state in relation to such factors as a velocity of a vehicle, a curvature radius 
of a road on which the vehicle is traveling, and lateral and forward/backward accelerations of the vehicle; a 
traveling state judging means for judging on the cycle of first time period whether or not the vehicle 
Traveling state detected by the traveling state detecting means is suitable for judging whether or not a tire 
air pressure is reduced; an adder means for adding up rotational angular velocities of tires calculated by a 
rotational angular velocity calculating means during a cycle of second time period which is equivalent to an 
integer multiple of the first time period; and an air pressure reduction judging means for judging whether or 
not the tire air pressure is reduced, based on a sum of the rotational angular velocities added up by the 
adder means, only when a judgement is continuously made a predetermined number of times by the 
iraveling state judging means that the vehicle traveling state detected by the traveling state detecting 
means is suitable forjudging whether or not the tire air pressure is reduced. 

With this arrangement of the present invention, the judgement of whether or not the tire air pressure is 
reduced is made only when the judgement is continuously made the predetermined number of times that 
the detected vehicle traveling state is suitable for judging whether or not the tire air pressure is reduced. 
This means that more accurate rotational angular velocities with little influence of the vehicle traveling state 
and road state are efficiently used for the detection of the air-pressure reduction. Therefore, the reduction in 
the tire air pressure can be more assuredly and quickly detected. 

In accordance with still another feature of the present invention, there is provided a tire air-pressure 
reduction detecting apparatus comprising: a traveling state detecting means for detecting on a cycle of first 
time period a vehicle traveling state in relation to such factors as a velocity of a vehicle, a curvature radius 
of a road on which the vehicle is traveling, and lateral and fonward/backward accelerations of the vehicle; a 
traveling state judging means for judging on the cycle of first time period whether or not the vehicle 
traveling state detected by the traveling state detecting means is suitable for judging whether or not a tire 
air pressure is reduced; an adder means for adding up rotational angular velocities of tires calculated by a 
rotational angular velocity calculating means, if it is judged by the traveling state judging means that the 
vehicle traveling state detected by the traveling state detecting means is suitable for judging whether or not 
the tire air pressure is reduced; and an air-pressure reduction judging means for judging whether or not the 
tire air pressure is reduced, based on a sum of the rotational angular velocities added up by the adder 
means, when a count of judgement results obtained by the traveling state judging means indicating that the 
vehicle traveling state detected by the traveling state detecting means is suitable for judging whether or not 
the tire air pressure is reduced reaches a predetermined count. 
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The aforesaid tire air-pressure reduction detecting apparatus may be otherwise arranged so as to clear 
the sum of the rotational angular velocities added up by the adder means when it is continuously judged a 
predetermined number of times by the traveling state judging means that the vehicle traveling state 
detected by the traveling state detecting means is not suitable for judging whether or not the tire air 
5 pressure is reduced. 

With this arrangement, the judgement of whether or not the tire air pressure is reduced is made, when it 
is judged the predetermined number of times that the vehicle traveling state detected a plurality of times is 
suitable for judging whether or not the tire air pressure is reduced. This means that more accurate rotational 
angular velocities with little influence of the vehicle traveling state and road state are efficiently and 
10 selectively employed for the detection of the air-pressure reduction. Therefore, the reduction in the tire air 
pressure can be more assuredly and quickly detected. 

These and other objects and aspects of the present invention will become apparent from the following 
description with reference to the attached drawings. 

75 BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a flow chart illustrating an initial correction process performed by a tire air-pressure reduction 
detecting apparatus of the present invention. 

Fig. 2 is a flow chart illustrating the Initial correction process which is continued from Fig. 1 . 
20 Fig. 3 is a block diagram Illustrating a construction of a tire air-pressure reduction detecting apparatus. 

Rg. 4 is a block diagram illustrating the electrical construction of a tire air-pressure reduction detecting 
apparatus. 

Rg. 5 is a flow chart illustrating a warning operation performed by a tire air-pressure reduction detecting 
apparatus according to a second embodiment of the present Invention. 
25 Fig. 6 is a graphical representation illustrating the fluctuation of determinant values over elapsed time. 

Fig. 7 is a graphical representation for explaining a state in which erroneous judgements are 
continuously made when a tire air pressure is normal. 

Rg. 8 is a flow chart illustrating a warning operation performed by a tire air-pressure reduction detecting 
apparatus according to a third embodiment of the present invention. 
30 Rg. 9 is a flow chart illustrating a warning-issuing operation performed by a tire air-pressure reduction 
detecting apparatus according to a fourth embodiment of the present invention. 

Rg. 10 is a graphical representation for explaining states in which an erroneous judgement is made 
when a tire air pressure is normal and when the tire air pressure is reduced. 

Rg. 11 is a diagram for explaining a general operation of a tire air-pressure reduction detecting 
35 apparatus according to a fifth embodiment of the present invention. 

Fig. 12 is a flow chart illustrating an operation for judging whether or not a determinant value is 
calculated in a tire air-pressure reduction detecting apparatus. 

Rg. 13 is a graphical representation for explaining an air-pressure reduction judging process. 
Rg. 14 is a flow chart illustrating an operation for judging whether or not a determinant value is 
40 calculated in a tire air-pressure reduction detecting apparatus according to a sixth embodiment of the 
present invention. 

Fig. 15 is a diagram for explaining a general operation of a tire air-pressure reduction detecting 
apparatus of the present invention. 

Fig. 16 is a flow chart illustrating an operation for judging whether or not a determinant value is 
45 calculated in a tire air-pressure reduction detecting apparatus according to a seventh embodiment of the 
present invention. 

Fig. 17 is a diagram for explaining a general operation of a tire air-pressure reduction detecting 
apparatus of the present invention. 

Fig. 18 is a flow chart illustrating an operation for judging whether or not a determinant value is 
50 calculated in a tire air-pressure reduction detecting apparatus according to an eighth embodiment of the 
present invention. 

Rg. 19 is a diagram for explaining a general operation of a tire air-pressure reduction detecting 
apparatus of the present invention. 

55 
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DETAILED DESCRIPTION OF THE EMBODIMENTS 

I. Construction of tire air-pressure reduction detecting apparatus 

5 Fig. 3 is a block diagram Illustrating the construction of a tire air-pressure reduction detecting 

apparatus. The tire air-pressure reduction detecting apparatus has wheel velocity sensors 1 of a known 
construction each provided to tires Wi , W2 , W3 and W4 on four wheels. Outputs of the wheel velocity 
sensors 1 are sent to a control unit 2. The control unit 2 has such nnennbers as a CRT and an initialization 
switch 3 which is operated by a driver, and is connected to a display device 4 for indicating a tire having a 

70 reduced air pressure, which will be described later. 

Fig. 4 is a block diagram illustrating the electrical construction of the tire air-pressure reduction 
detecting apparatus. The control unit 2 has a microprocessor-based hardware construction including an I/O 
interface 2a for sending and receiving signals to/from external devices, a CPU 2b serving for central 
processing, a ROM 2c storing control-operation programs for the CPU 2b, and a RAM 2d for storing data 

75 which is temporarily written and read out for the control operation performed by the CPU 2b. As will be 
described later, the RAM 2d has a rotational angular velocity memory area for storing data of rotational 
angular velocities F( useful for an initial correction process, a velocity memory area for storing data of a 
vehicle velocity obtained one cycle ago. and a distance memory area for storing data of a vehicle traveling 
distance. (Rotational angular velocities F, (i = 1, 2, 3 and 4) correspond to tires Wi . W2, W3 and W4 

20 throughout the specification.) 

From the wheel velocity sensors 1 output are pulse signals (hereinafter referred to as "wheel velocity 
pulse signals") corresponding to the rotational frequency of the tire W|. More specifically, the wheel velocity 
sensors 1 each comprise a sensor rotor having a plurality of teeth (for example. 49 or 98 teeth) provided 
inside the wheel of the tire W|, and output a signal generated in accordance with the number of teeth 

25 passing through the wheel velocity sensor 1 while the sensor rotor is rotated. The CPU 2b calculates the 
rotational angular velocities Fi, F2. F3 and F4 of the respective tires Wi, W2. W3 and W4 on a 
predetermined sampling cycle AT, based on the wheel velocity pulse signals output from the wheel velocity 
sensors 1. 

The CPU 2b detects velocities Vi of the respective tires Wj. based on the rotational angular velocities F|. 
30 Provided that the radii of the tires Wi . W2, W3 and are all R, the velocities V| are calculated as follows: 

Vi = R X Fj (2) 

Further, the CPU 2b detects forward/backward accelerations Aj of the respective tires W|, based on the 
35 detected velocities V|. More specifically, the CPU 2b stores the detected velocities V| of the tires W| as 
reference velocities VBi in the velocity memory area of the RAM 2d- Based on differences between the 
reference velocities VBj stored in the velocity memory area and velocities Vj of the tires Wj detected after 
the sampling cycle AT is elapsed, the CPU 2b calculates the forward/backward accelerations Aj of the tires 
W| from the following equation (3): 

40 

A| = (V, -VBi) /AT (3) 

Still further, the CPU 2b judges whether or not the vehicle is traveling straight. This judgement is based 
on whether or not differences or ratios between the rotational angular velocities Fi and F2 of front left tire 
45 Wi and front right tire W2 and between the rotational angular velocities F3 and F* of rear left tire W3 and 
rear right tire W4 are both out of a predetermined range and have the same sign. If the differences or ratios 
are within the predetermined range, or if the differences or ratios are out of the range and have different 
signs, it is judged that the vehicle is trc. -eling straight. 

Yet further, the CPU 2b calculates the traveling distance L of the vehicle from the following equation (4). 
50 based on the rotational angular velocities Fj: 

L = L'+ ML (4) 

where L* Is a traveling distance at time AT prior to the present time, and ML is a vehicle traveling distance 
55 during the sampling cycle AT. which is calculated from the following equation (5): 

ML = (EV I / 4) X AT (5) 
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where EV i means the sum of the velocities V| (i = 1 to 4). II. First embodiment 

(11-1) Initial correction process performed by tire air-pressure reduction detecting apparatus 

Rgs. 1 and 2 are flow charts illustrating an initial correction process performed by a tire air-pressure 
reduction detecting apparatus of the present invention before a tire air-pressure reduction detecting 
process. As previously described in "BACKGROUND OF THE INVENTION", the initial correction process is 
performed in order to correct errors such as an Initial difference among the tires W|, and is started when a 
driver operates the initialization switch 3 (see Fig. 3) (step S1). In general, a driver should operate the 
initialization switch 3, for example, when a vehicle is driven for the first time, when any tire is charged with 
air, or when any tire is replaced. This is because there exists a variation in the dynamic load radius among 
tires W| within a standard tolerance in such cases. 

If the initialization switch 3 is turned on. the CPU 2b resets (or initializes) reference velocities VB, and 
traveling distance L respectively stored in the velocity memory area and in the distance memory area of the 
RAM 2d (step S2). In turn, wheel velocity pulse signals output from the wheel velocity sensors 1 are read 
into the CPU 2b (step S3), and rotational angular velocities Fi are calculated based on the wheel velocity 
pulse signals. Then, velocities V, of the tires Wj are calculated from the equation (2) (step S4), and the 
calculated velocities Vj are compared with a threshold velocity Vjh (step S5). 

The threshold velocity Vjh can be set to lOKm/h, for example, if the sensor rotor has 49 teeth. As the 
teeth number increases, the threshold velocity Vi„ can be set lower. The velocities V, are compared with 
the threshold velocity Vth in order to judge whether or not the vehicle is traveling at a speed higher than a 
predetermined level. As previously described in "BACKGROUND OF THE INVENTION", the outputs of the 
wheel velocity sensors 1 present a wide variation when the vehicle is traveling at a low speed. Therefore, 
rotational angular velocities Fr detected when the vehicle is traveling at a low speed are excluded. The 
comparison may be otherwise made between the threshold velocity V-m and an average EV |/4 of the 
velocities V| of the respective tires Wi calculated in the step S4. or between the threshold velocity V-m and a 
velocity calculated by using velocity signals which are obtained from a speed meter preliminarily installed in 
the vehicle. 

As the result of the comparison, if any of the velocities V| of the tires Wi is lower than the threshold 
velocity V-m. the velocities V| of the respective tires Wj are stored as reference velocities VB} in the velocity 
memory area of tiie RAM 2d (step S11). On the other hand, if all the velocities V| of the tires Wj are higher 
than the threshold velocity V-m. it is judged whether or not the reference velocities VBi are already stored in 
the velocity memory area (step S6). Then, if the reference velocities VBj are not stored, that is, if the 
velocity memory area is in an initialized state, the velocities Vi of the respective tires W| are stored as 
reference velocities VB-, in the velocity memory area. On the other hand, if the reference velocities VBj are 
stored, the fonvard/backward accelerations Ai of the respective tires Wj are calculated from the aforesaid 
equation (3) (step S7). 

After the forward/backward accelerations A| are calculated, it is judged whether or not the absolute 
values of the respective forward/backward accelerations Aj are smaller than a predetermined threshold 
acceleration Aim (step S8). 

. - VB. 



9.8 T 



In the above inequality, the threshold acceleration Ath can be set to 0.01, for example. The numeral 9.8 in 
the denominate? of the atxDve inequality is a gravitational conversion factor to G-convert the for- 
ward/backward accelerations A^. Then, if any of the calculated forward/backward accelerations A| is larger 
than the threshold acceleration Ajh. it is considered that any of the tires has been slipped, and the velocities 
Vj of the respective tires Wj are stored as reference velocities VB| in the velocity memory area (step S11). 
On the other hand, if all the calculated fonA^ard/backward accelerations Ai are smaller than the threshold 
acceleration Ath. it is judged whether or not the vehicle is traveling straight (step S9). 

What is required for this initial correction process is only the difference in the dynamic load radius 
among the tires Wj which may be caused by the initial difference of the tires W|. Since the dynamic load 
radius is variable due to a lateral G which is generated when the vehicle is cornering, the rotational angular 
velocities Fj obtained when it is judged that the vehicle is cornering are not suitable for the initial correction 
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process. Therefore, it should be first judged whether or not the vehicle Is traveling straight. 

If it is judged that the vehicle is not traveling straight, the velocities V| of the respective tires W| are 
stored as reference velocities VB} in the velocity memory area. On the other hand, if it is judged that the 
vehicle is traveling straight, the rotational angular velocities Fj are stored in the rotational angular velocity 

5 memory area of the RAM 2d (step S10), and the velocities V| of the respective tires W| are stored in the 
velocity memory area (step S11). 

After the completion of the step S1 1 , data of a traveling distance L stored in the distance memory area 
is updated (step SI 2). That is, the update is made by adding a traveling distance (ML) detected during a 
sampling period AT to a previously stored traveling distance L. In turn, it is judged whether or not the 

10 updated traveling distance L is longer than a predetermined threshold distance L-m (for example, 200m) 
(step S13). If the updated traveling distance L is shorter than the threshold distance L-m. the foregoing steps 
S3 through S13 are repeated. On the other hand, if the traveling distance L has reached the threshold 
distance LrH.correction factors CiG) are calculated based on the rotational angular velocities Fi stored in the 
rotational angular velocity memory area (step 814). Provided that the threshold distance Lth is set to 200m, 

75 it takes about 12 to 15 seconds for the vehicle to travel the distance at a speed of about 50 to 60 Km/h. 

The correction factors Ci(j) are calculated by setting one of the tires Wj as a correction reference. 
Provided that the tire Wi is set as the correction reference, the correction factors Ci(j). C2Q), CaO) and C^Q) 
employed for the correction of the initial difference of the tires W| arecalculated as follows: 



20 Ci(j) = 


Fia)/FtG) 


(7) 


C20) = 


FiO)/F2(j) 


(8) 


C3(i) = 


F,(j)/ FsG) 


(9) 


2S 






c*a) = 


FiO)/F4(j) 


(10) 



where j = 1 to N. and the numeral N is the number of the rotational angular velocities F| for each of the 
tires W| which are stored in the rotational angular velocity area. Accordingly, the correction factors Ci(j). C2- 
30 (j). CaO) and C4O) each have N values. 

Then, an average of N values for each of the correction factors C1O). C2O"). C3O) and C^O) is calculated 
as follows to improve the accuracy of the correction factors Ci(j). 



c, 


= E C1O) /N 


(11) 


35 






C2 


= L CzO) / N 


(12) 


C3 


= Z C3(j)/N 


(13) 


40 C* 


= E c*a)/N 


(14) 



where E Ci(j) means the sum of CiG) G= 1 to N). These average values Ci , C2, C3 and C* are employed as 
the final correction factors. 

Instead of the aforesaid correction factors C|, correction factors OF and CR may be employed as the 
45 final correction factors, which are calculated as follows. First, correction factors CF(]) and CR(j) are 
calculated. 

CFO) = F2{i)/F,(j) (15) 
50 CR(j) = F4a)/F3(j) (16) 

Then, average values OF and CR are calculated. 
CF = E CF(j)/N (17) 

55 

CR = £ CR(j) / N (18) 

Upon completion of the calculation of the correction factors Ci, or CF and CR, the initial correction 
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process is completed. 

(11-2) Air-pressure reduction detecting process 

After tlie completion of the initial correction process, the tire air-pressure reduction detecting apparatus 
performs a process of detecting the reduction In the air pressure of tire Wj under an ordinary driving 
condition. More specifically, after the correction factors are calculated in the initial correction process, the 
CPU 2b obtains corrected values Fm of the rotational angular velocities Fj by multiplying the rotational 
angular velocities F| detected on the sampling cycle AT by the correction factors as follows: 



70 



F,o = C, X F, (19) 
F20 = C2 X F2 (20) 
75 F30 = C3 X F3 (21) 
F40 = C* X F4 (22) 

In the case that the correction factors CF and CR are to be employed » the calculation Is as follows: 

20 

F10 = CFX F, (23) 
F20 = F2 (24) 
25 F30 = CF X F3 (25) 
F40 = F4 (26) 

Then, these corrected values Fio are hereafter used In the process of detecting the reduction In the air- 
30 pressure of tire Wj. This process is based on a determinant value D calculated from the following equation 

(27): 

35 2 2 

D = X 100(%) 

^10 ^20"^ ^30"^ 

40 A 



(27) 



In this embodiment, if the calculated value D satisfies the following inequality (28), it Is judged that the 
air pressure is reduced. 

45 

D < Dthi or D > [>m2 (28) 

where Otmi and Dth2 are predetermined constants. 

As the result of the air-pressure reduction detecting process thus performed, if the reduction in the air 
50 pressure Is detected, the detection result is output to be displayed on the display device 4. For example, 
four indicators corresponding to the tires Wi, W2, W3 and W4 are simultaneously lit in the display device 4 
as shown in Fig. 4. 

As can be seen from the foregoing, In accordance with the tire Initial difference correction process of 
this embodiment, the correction factors Cj are calculated by selectively using only the rotational angular 
55 velocities Fj suitable for the initial correction. Therefore, the initial correction process can be performed 
more accurately, thereby enabling more accurate detection of the reduction In the air pressure of tire W|. 
This will improve the safety driving. 
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Further, since the initial correction process can be performed while the vehicle is traveling straight a 
predetermined distance, the time required for the initial correction process can be significantly reduced. Hi. 
Second embodiment 

Rg. 5 Is a flow chart Illustrating a warning operation performed by a tire air-pressure reduction detecting 
5 apparatus. The warning operation is realized by way of a software processing. The CPU 2b calculates 
rotational angular velocities F| of the respective tires Wj based on wheel velocity pulse signals which are 
output from the wheel velocity sensors 1 on the sampling cycle AT (sec) during the traveling of the vehicle 
(step SI). Based on the rotational angular velocities Fj thus obtained, the CPU 2b calculates a determinant 
value D from the following equation (29) to judge whether or not any of the tires Wi has a reduced air 
10 pressure (step 82). 



20 



^2 ^ ^3 



75 



D = 



Fi + + F3 + 



X 100(%) (29) 



Then, the CPU 2b judges whether the air pressure of any of the tires W, is reduced, based on the 
determinant value D thus obtained (step S3). More specifically, if the determinant value D satisfies the 
following inequality (30), it is judged that there exists any tire Wj having a reduced air pressure. On the 
25 Other hand, if the determinant value D does not satisfy the Inequality (30), it is judged that all the tires W| 
have a normal air pressure. 



D < -Dthi or D > Dth2 (30) 



30 As the result of the judgement, if the determinant value D satisfies the inequality (30), the CPU 2b 
judges whether or not a predetermined count value C of a counter CNT is less than a predetermined upper 
counting limit Li (for example. Li = 10) (step S4). If the count value C is less than the upper counting limit 
Li, the counter CNT is Incremented (step S5), and if the count value C equals the upper counting limit Li . 
the process goes into a step S8, which will be described later. 

35 On the other hand, if It is judged in the step S3 that the determinant value D does not satisfy the above 
inequality (30), the CPU 2b judges whether or not the count value C of the counter CNT is greater than a 
predetermined steady-state count L2 (for example. La = 0) which is set to be less than the upper counting 
limit Li (step S6). If the count value C Is greater than the steady-state count L2, the counter CNT is 
decremented (step S7). and if the count value 0 equals the steady-state count L2, the process goes into the 

40 step S8. which will be described later. 

The upper counting limit Li and steady-state count L2 are set in order to promptly deal with such 
problems as sudden puncture of tire and an erroneous warning. More specifically, if the steady-state count 
U was not set. the count value C would be unlimitedly decreased insofar as the normal state of air pressure 
was maintained. In such case, when any tire Wj was suddenly punctured, it would take a very long time for 

45 the count value C to reach a warning threshold count (which will be described later), resulting in a delayed 
issuance of the warning. This would pose a danger to safety driving. 

Further, in consideration of such influential factors as vehicle traveling state (including the velocity of the 
vehicle, the radius of curvature of a road on which the vehicle is traveling, and lateral and forward/backward 
accelerations of the vehicle) and the state of the road, the warning is not issued immediately after the 

50 determinant value D satisfies the inequality (30). but the counter CNT is incremented instead. More 
specifically, if there exists any tire Wj having a reduced air pressure, a state where the determinant value D 
satisfies the inequality (30) continues, as shown in Fig. 6(a). On the other hand, if all the tires Wj have a 
nomnal air pressure, a state where the determinant value D does not satisfy the Inequality (30) continues, as 
shown in Fig. 6(b). However, even If all the tires W, have a normal pressure, the calculated rotational 

55 angular velocities F, may be temporarily fluctuated due to the influence of the vehicle traveling state and 
road state, and the determinant value D may temporarily satisfy the inequality (30), as shown in Fig. 6(c). In 
such a case, a warning Immediately issued is erroneous. Therefore, for the prevention of such an erroneous 
warning, a warning is not issued immediately, but the counter CNT is incremented instead, in accordance 



15 



EP 0 657 313 A2 



with this embodiment. 

However, only with the incrementation of the counter CNT. the count value C is continuously increased 
by temporary fluctuation of the determinant value D intermittently occurring due to the influence of the 
vehicle traveling state and road state, even if all the tires W| have a normal air pressure. This may result in 
5 an erroneous detection of the reduction In the air pressure of tire Wj. In this embodiment, to eliminate this 
problem, the counter CNT is decremented, if the determinant value D does not satisfy the inequality (30). 

Further, the counter CNT may be otherwise imparted with a hysteresis characteristic. That is, a 
predetermined value is added to the count value C only when the count value C reaches the upper counting 
limit Li . 

70 After the counter CNT is incremented or decremented, the CPU 2b judges whether or not the count 
value C of the counter CNT is not less than a predetermined warning threshold count N^ (for example, Ni 
= Li =10) which is set to a value of the upper counting limit Li or lower (step S6). If it is judged that the 
count value C is not less than the warning threshold count Ni, the CPU 2b judges that there exists any tire 
W, having a reduced air pressure, and issues a warning by way of the display device 4 (see Rg. 4) (step 

75 S7), which will be described later. 

In the case that the vehicle is. for example, traveling a relatively long distance on a curved road when 
all the tires Wj have a normal pressure, a lateral G is continuously applied to the vehicle and, therefore, the 
rotational angular velocities F| are fluctuated continuously, not temporarily. For this reason, a state where 
the determinant value D satisfies the inequality (30) continues, as shown in Rg. 7(a). Accordingly, the count 

20 value C is continuously increased, and finally exceeds the warning threshold count Ni, as shown in Fig. 7- 
(b). Because a warning issued when the count value C exceeds the warning threshold count as shown in 
Fig. 7(b) is erroneous. It is necessary to immediately stop such an erroneous warning. 

One method of stopping erroneous warning is to stop the warning when the count value C becomes 
less than the warning threshold count Ni. In accordance with this method, however, the warning Issued 

25 when there actually exists any tire W| having a reduced air pressure can also be stopped, when it is 
mistakenly judged that the warning Is based on an erroneous detection of the air-pressure reduction 
resulted from the influence of the vehicle traveling state and road state. Therefore, this method is not 
preferable. 

To solve this problem, a waming stopping threshold count N2 is preliminarily set to a value (for 
30 example, N2 = L2 = 0) which Is not less than the steady-state count L2 and less than the warning 
threshold count Ni . If it is judged in the step S5 that the count value C is less than the warning threshold 
count Ni, It is judged whether the count value C is not greater than the warning stopping threshold count N2 
(step S8). Then, if it Is judged that the count value C is not greater than the warning stopping threshold 
count N2. the waming. if issued, Is stopped (step S9). On the other hand, if it is judged that the count value 
35 C is greater than the warning stopping threshold count N2, the current state is maintained. 
Next a warning process according to this embodiment will be described below. 

This embodiment employs a warning process which can Inform a driver not only that there exists any 
tire Wi having a reduced air pressure, but also which tire W| has a reduced air pressure. In this warning 
process, if the determinant value D calculated from the equation (29) described in the second embodiment 
40 is greater than 0, it is judged that either one of the tires Wi and has a reduced air pressure, and if the 
determinant value D is less than 0, it is judged that either one of the tires W2 and W3 has a reduced air 
pressure. Then, the tire Wj having a reduced air pressure is further identified in the following manner (in this 
case, it is assumed that the vehicle is traveling straight): 

If Fi > F2. the tire Wi has a reduced air pressure. 
45 If Fi < F2, the tire W2 has a reduced air pressure. 

If F3 > F4 . the tire W3 has a reduced air pressure. 

If F3 < F4, the tire W* has a reduced air pressure. 

After the tire Wj having a reduced air pressure is thus identified, the identification result Is output to be 
displayed on the display device 4, as shown in Fig. 4. For example, one of four indicators corresponding to 
50 the four tires Wi to W4 is lit on the display device 4. If the tire Wi having a reduced pressure can not be 
identified, these four indicators are simultaneously lit. Therefore, in most cases, the driver can recognize 
which tire W| has a reduced air pressure at a glance. 

In accordance with this embodiment, since the warning is issued and stopped in consideration of such 
fluctuation factors as the vehicle traveling state and road state which temporarily affect the determinant 
55 value D, the frequent repetition of issuing and stopping the warning can be prevented. Therefore, the 
reliability of the warning against a driver can be significantly Improved. 

Further, even if cycle periods in which an erroneous judgement is made are intermittently observed 
when all the tires Wi have a normal air pressure, the number of times that the count value C exceeds the 
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warning threshold count N^ Is decreased, because the counter CNT is repeatedly incremented and 
decremented. Theretore, the frequency of the issuance of erroneous warnings can be reduced, compared 
with the conventional process- 
Still further, in the case that cycle periods in which an erroneous judgement is made are continuously 
5 observed when all the tires Wi have a normal air pressure, and a correct judgement is made before the 
count value C exceeds the warning threshold count Ni , the counter CNT is decremented. Accordingly, even 
if an erroneous judgement is subsequently made, the number of times that the count value C exceeds the 
warning threshold count Ni is decreased. Therefore, the frequency of the issuance of the erroneous 
warnings can be reduced. 

10 Yet further, in the case that cycle periods in which an erroneous judgement Is made are continuously 
observed when all the tires W| have a normal air pressure, and a correct judgement is made after the count 
value C exceeds the warning threshold count Ni , an erroneous warning is issued. In accordance with this 
embodiment, however, since the count value C never exceeds the upper counting limit Li and the counter 
CNT is decremented insofar as correct judgements are made, the erroneous warning can be stopped 

75 immediately. Therefore, the driver can discriminate between a correct warning and an erroneous warning by 
judging whether the waming is stopped immediately or not. 

IV. Third embodiment 

20 Fig. 8 is a flow chart illustrating a warning operation performed by a tire air-pressure reduction detecting 
apparatus according to a third embodiment of the present invention. Reference Is made again to Rgs. 3 and 
4 for the explanation of this embodiment. The waming operation according to this embodiment is also 
realized by way of a software processing. 

In accordance with this embodiment, the reduction in the air pressure of tire Wi is detected, based on 

25 the number of judgements that there exists any tire Wi having a reduced air pressure which are made 
during a predetermined monitoring period Ti equivalent to an integer multiple of a sampling cycle AT (sec). 

More specifically, the CPU 2b calculates rotational angular velocities F{ of the respective tires Wj during 
the traveling of a vehicle (step PI), and increments a counter CNTi for measuring the monitoring period Ti 
(step P2). (The counter CNTi is preliminarily cleared in a step P11.) Then, the CPU 2b calculates a 

30 determinant value D from the equation (29) described in the second embodiment, based on the calculated 
rotational angular velocities F| (step P3), and judges whether or not the calculated determinant value D 
satisfies the inequality (30) described in the second embodiment (step P4). 

If the determinant value D satisfies the inequality (30). the CPU 2b increments a counter CNTg for 
counting the number of the judgerpents that the air pressure of tire Wi is reduced (step P5). (The counter 

35 CNT2 is preliminarily cleared In a step P1 1 .) Thereafter, the CPU 2b judges whether or not the monitoring 
period Ti is elapsed and whether or not a count value Ci of the counter CNTi reaches a predetermined 
monitoring period ending count Mi (step P6). If the count value Ci does not reach the monitoring period 
ending count Mi , the foregoing steps PI through P6 are repeated again. 

On the other hand, if it is judged in the step P4 that the determinant value D does not satisfy the 

40 inequality (30), the counter CNT2 is not incremented, and the process directly goes into the step P6. 

If it is judged in the step S6 that the count value Ci reaches the monitoring period ending count Mi . the 
CPU 2b calculates a ratio a (a = C2/M1) of the count value C2 of the counter CNT2 to the monitoring 
period ending count Mi. and then judges whether or not the calculated ratio a is not less than a 
predetermined warning threshold a^ (for example, a^ = 0.8) (step P7). If the ratio a is not less than the 

45 warning threshold ai , the warning is issued by way of the display device 4 (step P8). 

Even if there exists any tire Wi having a reduced air pressure, the determinant value D may temporarily 
fall within a range between -Dthi and Dthz due to the influence of the vehicle traveling state and road state, 
as shown in Fig. 10(b) to which reference is made for the explanation in "BACI-:3R0UND OF THE 
INVENTION". This results in an erroneous judgement that all the tires Wj have a normal air pressure. 

50 However, such a temporary phenomenon occurs with a very little probability during one monitoring period. 
Therefore, If the ratio o Is not less than the warning threshold a^ , a correct judgement that there exists any 
tire Wj having a reduced air pressure can be assuredly made. 

On the other hand, even if all the tires Wj have a normal pressure, a state where the determinant value 
D satisfies the inequality (30) may continue, as shown In Fig. 7(a), for example, when the vehicle is traveling 

55 a relatively long distance on a curved road. In such a case, there is a possibility that the ratio a exceeds the 
warning threshold a^ and. if so, an erroneous warning is issued, which should be stopped immediately. 
However, in the case that there actually exists any tire Wt having a reduced air pressure, it is not preferable 
to stop a correct warning when an erroneous judgement that all the tires W| have a normal air pressure is 
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made due to the influence of the vehicle traveling state and road state. 

To solve this problem, there is preliminarily set a warning stopping threshold 02 (for example. 02 = 02.) 
which is less than the warning threshold a^ , in accordance with this embodiment. If It Is judged in the step 
P7 that the ratio o is less than the warning threshold a^ . it is judged whether or not the ratio a is less than 
5 the warning stopping threshold 02 (step P9). Then, if it is judged that the ratio a is less than the warning 
stopping threshold a2, the warning, if issued, is stopped (step P10). Thereafter, the counters CNTi and 
CNT2 are cleared (step P11). On the other hand, if It is judged that the ratio a exceeds the warning 
stopping threshold a?, the counters CNTi and CNT2 are cleared, and then the current state is maintained. 

In accordance with this third embodiment, similarly to the second embodiment, the warning is issued 
70 and stopped in consideration that erroneous judgements due to such influential factors as the vehicle 
traveling state and the like are not continuously made. Therefore, the reliability of the waming against a 
driver can be improved. 

V, Fourth embodiment 

75 

Rg. 9 is a flow chart illustrating a warning operation performed by a tire air-pressure reduction detecting 
apparatus according to a fourth embodiment of the present invention. Reference is made again to Figs. 3 
and 4 for the explanation of this embodiment. The warning operation according to this embodiment is also 
realized by way of a software processing. 

20 The CPU 2b calculates rotational angular velocities F| of the respective tires W| during the traveling of a 
vehicle (step N1). After calculating a determinant value D from the equation (29) described in the second 
embodiment based on the calculated rotational angular velocities F| (step N2), the CPU 2b judges whether 
or not the determinant value D satisfies the inequality (30) (step N3). If the determinant value D satisfies the 
inequality (30). the CPU 2b increments a counter CNT3 (step N4), clears another counter CNT4 (step N5). 

25 and judges whether or not a count value C3 of the counter CNT3 is not less than a predetermined warning 
threshold count Na (step N6). If the count value C3 is less than the warning threshold count N3, the process 
returns to the step N1. and if the count value C3 is not less than the warning threshold count N3, a warning 
is issued by way of the display device 4 (step N7). 

On the other hand, if the determinant value D does not satisfy the inequality (30). the CPU 2b 

30 increments the counter CNT4 (step N8), clears the counter CNT3 (step N9). and judges whether or not the 
count value C* is not less than a predetermined warning stopping threshold count (step N10). If the 
count value C4 is less than the warning stopping threshold count N4, the process returns to the step N1, 
and If the count value C4 is not less than the warning stopping threshold count N4, the warning, if issued, is 
stopped (step Nil). 

35 In accordance with the fourth embodiment of the present invention, the warning is issued only when 
cycle periods in which it Is judged that there exists any tire Wj having a reduced air pressure are 
continuously observed. Therefore, the frequency of the issuance of erroneous warnings can be reduced. 
Thus, the reduction in the air pressure can be assuredly judged. 

Further, even if an erroneous warning is issued when all the tires Wj have a normal air pressure, the 

40 erroneous warning can be immediately stopped, because the tire air-pressure reduction detecting apparatus 
has a warning stopping function. Still further, if a correct warning is issued when there exists any tire W| 
having a reduced air pressure, the apparatus can prevent the connect warning from being mistakenly 
stopped. 

Having thus described the present invention by way of the second to fourth emtxDdiments, it will be 
45 understood that the present invention is not limited to the specifics thereof. For example, though the counter 
CNT is incremented when it is judged that all the tires Wj have a normal air pressure, and decremented 
when It is judged that there exists any tire W| having a reduced air pressure in accordance with the second 
invention, the incrementation and decrementation can be reversed. In such a case, the warning stopping 
threshold count and warning threshold count are set to counts Ni and N2. respectively. Further, though the 
50 warning is issued by indicating in 

the display device 4 which tire W} has a reduced air pressure in the foregoing embodiments, the 
warning may be otherwise issued by way of an artificial voice or tones distinctive to the respective tires Wj 
from a speaker and the like to inform a driver which tire W| has a reduced air pressure. 

Alternatively, the waming is issued by means of a display device, speaker or the like to inform a driver 
65 only that there exists any tire W| having a reduced air pressure. 

Still further, though the warning operation is realized by way of the software processing in the tire air- 
pressure reduction detecting apparatuses according to the foregoing embodiments, the warning operation 
may be otherwise realized by way of a hardware processing. 
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Yet further, though the upper counting limit Li and the steady-state count L2 are set to the same values 
as the warning threshold count Ni and the warning stopping threshold count N2, respectively, In the 
foregoing embodiments, the counts Li . Ni , L2 and N2 can be set so as to satisfy the relation Li S Ni > N2 
^ L2. 

s 

VI. Fifth embodiment 

Fig. 12 is a flow chart illustrating an operation for judging whether or not a determinant value is 
calculated in a tire air-pressure reduction detecting apparatus according to a fifth embodiment of the 
70 present invention. This operation is realized by way of a software processing. A sampling cycle A T (sec) 
and a cycle In which it is judged whether or not the determinant value should be calculated for judging 
whether or not there exists any tire W| having a reduced air pressure are referred to as "cycle of first time 
period" and "cycle of second time period", respectively. 

The CPU 2b calculates rotational angular velocities F| of the respective tires W| on the cycle of first time 
IS period, based on wheel velocity pulse signals output from the wheel velocity sensors 1 (step S1), and 
increments a counter CNT for measuring a time period (step S2). (The counter CNT is preliminarily cleared 
in a step S9.) Then, the CPU 2b detects a vehicle traveling state, and judges whether or not the detected 
vehicle traveling state is a predetermined traveling state (step S3). 

The vehicle traveling state includes such factors as the velocity of a vehicle, the radius of curvature of a 
20 road on which the vehicle Is traveling, the lateral G applied to the vehicle, the forward/backward acceleration 
of the vehicle. The predetermined traveling state means the one which is suitable for detecting the 
reduction in the air pressure. 

There will be hereinafter described a process for detecting the vehicle traveling state and a process for 
judging whether or not the detected vehicle traveling state is suitable for detecting the reduction in the air 
25 pressure. 

First, in the process for detecting vehicle traveling state, the velocity of the vehicle is calculated from an 
equation V = (Vi + V2 + V3 + V4)/4 based on the velocities V| of the respective tires W| which are 
calculated from an equation V| = r X Fi (where r is a dynamic load radius of tire Wi). 

The radius R of curvature of a road is calculated from the following equation (31). based on the 
30 rotational angular velocities F3 and F^ of the rear left and right tires Wa and W4 . 

+ F3 

R = X (31) 

^4 - 2 



where Tw is a tread width. 

Further, the lateral G is calculated from the following equation (32), based on the rotational angular 
40 velocities F3 and F4 of the rear left and right tires W3 and W4 . 

(F4 - F3) X (F^ > F3) X r2 

Lateral G = ^^^^ 

^5 2 X Tv X 9,8 

Still further, the fonvard/bickward acceleration A is calculated from the following equation (33), based 
on the velocity of the vehicle V. 



50 



A = (V - VB) / AT X 9.8 (33) 



where VB is a velocity of the vehicle calculated in the last cycle of first time period. 

The vehicle velocity V. curvature radius R, lateral G and forward/backward acceleration A may be 
55 otherwise directly obtained by means of the corresponding sensors. 

Next, in the judging process, if all of the following conditions are satisfied, for example, it is judged that 
the detected vehicle traveling state is suitable for detecting the reduction In the air pressure. 
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® V ^ 10 (Km/h) ® |R| ^ 30 (m) 

@ ILateral G| £ 0.4 (G) @ |A] ^ 0.1 (G) 

These conditions are based on the following ground: Rrstly, if the vehicle velocity V is lower than this level 
®. the detecting accuracy of the wheel velocity sensors are considerably decreased and the rotational 
angular velocities F| are fluctuated due to the influence of the surface roughness of a road, when the vehicle 
is traveling at a low speed. Secondly, if the curvature radius R is less than this level ®. or if the lateral G is 
greater than this level (D, the tires W| are skidded and the rotational angular velocities F| are fluctuated. 
Lastly, if the forward/backward acceleration A is greater than this level @, the tires Wj are slipped and the 
rotational angular velocities Fj are fluctuated. 

If it is judged in the step S3 that the detected vehicle traveling state Is not suitable for detecting the 
reduction in the air pressure, a flag indicative of this judgement is set (step S4). and sums SF| ( = SFj + 
F|) of the rotational angular velocities Fj are newly calculated by adding the rotational angular velocities Fj to 
former sums SF, calculated in the last cycle of first time period (step S5). On the other hand. If it is Judged 
that the detected vehicle traveling state is suitable for detecting the reduction in the air pressure, the 
process skips the step S4 and directly goes into the step S5 to newly obtain the sums SF,. 

Then, it is judged whether or not a count value of the counter CNT equals a predetermined value N 
(step 86). (The predetermined value N is preferably set to a value which has a stabilized standard deviation 
of the rotational angular velocities F| calculated during a constant-speed straight trial traveling.) If the count 
value does not equal the predetermined value N, the foregoing steps Si through 86 are repeated. In this 
embodiment, as shown in Fig, 12. the cycle of second time period is N-times the cycle of first time period 
(AT). 

After the foregoing steps Si through S6 are repeated and the count value reaches the predetermined 
value N. it is judged whether or not the flag is set (step S7). If the flag is set. it is judged that at least one of 
the N vehicle traveling states detected during the cycle of second time period does not satisfy at least any 
one of the aforesaid conditions ® to ® . and the CPU 2b clears the count value, sums SF| and flag without 
calculating the determinant value D for the detection of the tire air pressure (steps S9. S10 and Si 1). Then, 
the foregoing steps SI through 87 are repeated. On the other hand. If the flag is not set, it is judged that all 
the N vehicle traveling states detected during the cycle of second time period satisfy all the aforesaid 
conditions ® to @, and the CPU 2b calculates the determinant value D from the following equation (34). 
based on the sums SFi (step S8). 



SFi-+ SF^ 



SF2 + SF3 



D = 



SFj^ + SF2 + SF^ + SF^ 



X 100(%) (34) 



The count value, sums SF| and flag are thereafter cleared (step S9. SlO and S11) and the foregoing 
steps are repeated. 

Hg. 11 is a diagram for explaining a general operation of the tire air-pressure reduction detecting 
apparatus. In Rg. 11, it is assumed that N = 5. In Fig. 11(a), a symbol "o" denotes that the vehicle 
traveling state is judged to be suitable for the detection of the air-pressure reduction, while a symbol "x" 
denotes that the vehicle traveling state is judged not to be suitable for the detection of the air-pressure 
reduction. The numerals shown below the symbols "o" and "x" denote the count value of the counter CNT. 
Fig. 11(b) shows the judgement results of whether or not the determinant value D should be calculated after 
the cycle of second time period. 

As can be seen from Figs. 11(a) and 1 1(b), if it is judged after the cycle of second time period that five 
vehicle traveling states detected during the cycle of second time period are all suitable for the detection of 
the air-pressure reduction, the determinant value D is calculated. On the other hand, if it is judged that any 
of the vehicle traveling states is not suitable for the detection of the air-pressure reduction, the determinant 
value D is not calculated. 

In accordance with this embodiment, since the cycle of second time period for calculating the 
determinant value D is set to be N-times the cycle of first time period, the obtained determinant value D has 
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little influence of the road state. Further, the determinant value D is calculated only when It Is judged after 
the cycle of second time period that N vehicle traveling states detected during the cycle of second time 
period are all suitable for the detection of the air-pressure reduction. Therefore, the determinant value D 
with little Influence of the vehicle traveling state can be obtained at any time, compared with the 

5 conventional tire air-pressure reduction detecting process in which only the rotational angular velocities Fi 
calculated when any tire Wi is slipped or locked are excluded and not necessarily correct rotational angular 
velocities F| are employed for the judgement of the tire air-pressure reduction. Thus, the reduction in the air 
pressure can be assuredly detected. 

After the determinant value D is calculated. It is judged whether or not there exists any tire Wi having a 

70 reduced air pressure, based on the calculated determinant value D. This judgement process is based on the 
following inequality (35): 

D < -Dthi or D > Dth2 (35) 

If the determinant value D is out of the range between -Djhi and Dthz as shown by characters a and b 
in Figs. 13, that is, if the determinant value D satisfies the inequality (35), it is judged that there exists any 
tire W{ having a reduced air pressure. On the other hand, if the determinant value D Is within the range 
between -Dthi and Dth2. that is, if the determinant value D does not satisfy the inequality (35), it is judged 
that there exists no tire having a reduced air pressure. 

Thus, the reduction in the tire air pressure is detected during the traveling of the vehicle. When the 
reduction In the tire air pressure Is detected, it Is more convenient for the driver to be informed which tire 
has a reduced air pressure than to be informed of only the fact of the tire air-pressure reduction. Therefore. 
It is necessary to identify the tire Wj having a reduced air pressure. The identification method has already 
been detailed in the second embodiment with reference to Fig. 4 and, therefore, will not be described here. 

Vll. Sixth embodiment 

Fig. 14 is a flow chart illustrating an operation for judging whether or not a determinant value is 
calculated in a tire air-pressure reduction detecting apparatus according to a sixth embodiment of the 
3n present invention. Reference is made again to Figs. 3 and 4 for the explanation of this embodiment. 

The CPU 2b calculates rotational angular velocities F, during the traveling of a vehicle (step P1), detects 
a vehicle traveling state and judges whether or not the detected vehicle traveling state is suitable for 
detecting the reduction in the tire air pressure (step P2). If it is judged that the vehicle traveling state is not 
suitable for detecting the reduction in the air pressure, the CPU 2b clears a counter CNT for counting the 
3b number of the judgements that the vehicle traveling state is suitable for detecting the reduction in the air 
pressure (step P7), and then clears sums of the rotational angular velocities which will be described later 
(step P8). 

On the other hand, if it is judged that the vehicle traveling state is suitable for detecting the reduction in 
the air pressure, the CPU 2b increments the counter CNT (step P3). and newly calculates sums SFj of the 

40 rotational angular velocities (step P4). Then, the CPU 2b judges whether or not the count value of the 
counter CNT is a predetermined count N (step P5). If the counter value is not the predetermined count N. 
the process returns to the step PI , and the foregoing steps P1 through P5 are repeated. On the other hand, 
the count value is the predetermined count N. the determinant value D is calculated from the equation (34) 
described in the aforesaid fifth embodiment, based on the sums SFj (step P6), Thereafter, the counter CNT 

45 and the sums SFj are cleared (steps P7 and P8). 

Fig. 15 is a diagram for explaining a general operation of the tire air-pressure reduction detecting 
apparatus according to the sixth embodiment. In Fig. 15, it is assumed that N = 5. Fig. 15 (a) shows the 
judgement results of whether or not the determinant value D should be calculated, in accordance with the 
fifth embodiment. Rg. 15(b) shows the judgement results of whether or not the vehicle traveling state is 

50 suitable for detecting the reduction in the air pressure, in accordance with this sixth embodiment, in which 
numerals 1 to 5 shown below the symbols "o" and **x- denote the count values of the counter CNT In 
accordance with this embodiment and numerals (1) to (5) shown above the symbols "o" and "x" denote the 
count values of the counter CNT in accordance with the aforesaid fifth embodiment. Fig. 15(c) shows the 
judgement results of whether or not the determinant value D should be calculated, In accordance with this 

S5 embodiment. 

As can be seen from Fig. 15(c). in accordance with this embodiment, the cycle of second time period is 
cleared when the cycle of first time period marked with the symbol "o" is continuously repeated five times 
as shown in Fig. 15(b), and when the cycle of first time period marl^ed with the symbol "x" is observed as 
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shown in Fig. 15(b). Therefore, the rotational angufar velocities Fj calculated in the cycles of first time period 
marked with symbol "o" which are enclosed by a square in Fig. 15(b) can be utilized for the calculation of 
the determinant value D. These rotational angular velocities F, are not utilized in accordance with the 
aforesaid fifth embodiment, even though it is judged that the vehicle traveling state is suitable for detecting 
5 the reduction In the air pressure. Thus, this embodiment realizes a more accurate and quick detection of the 
air-pressure reduction than the aforesaid fifth embodiment. 

VIII. Seventh embodiment 

Rg. 16 is a flow chart illustrating an operation for judging whetiier or not a determinant value is 
calculated in a tire air-pressure reduction detecting apparatus according to a seventh embodiment of the 
present invention. Reference is made again to Rgs. 3 and 4 for the explanation of this embodiment. 

The CPU 2b detects rotational angular velocities F, during the traveling of a vehicle to detect a vehicle 
traveling state (step N1). and judges whether or not the detected vehicle traveling state is suitable for the 
detection of the reduction in the air pressure of any tire W, (step N2). If it is judged that the detected vehicle 
traveling state is not suitable for detecting the reduction in the air pressure, tiie foregoing steps N1 and N2 
are repeated. On the otfier hand, if it is judged that the detected vehicle traveling state is suitable for 
detecting the reduction in the air pressure, the CPU 2b increments a counter CNT for counting the number 
of the judgements that the vehicle traveling state is suitable for the detection of the air-pressure reduction 
(step N3). (The counter CNT is preliminarily cleared in a step N7.) Then, the CPU 2b newly calculates sums 
SFi of the rotational angular velocities (step N4). and judges whetiner or not a count value of the counter 
CNT equals a predetermined value N (step N5). If the count value does not equal the predetermined value 
N. tiie foregoing steps N1 through N5 are repeated. On the other hand, if the count value equals the 
predetermined value N. a determinant value D Is calculated from the determinant equation (34) described in 
the fifth embodiment, based on the sums SF, of the rotational angular velocities F, (step N6). Thereafter, the 
counter CNT and the sums SF| are cleared (steps N7 and N8). 

Fig. 17 is a diagram for explaining a general operation of the tire air-pressure reduction detecting 
apparatus according to the seventh embodiment. In Fig. 17. it is assumed that N = 5. Fig. 17(a) shows the 
judgement results of whether or not the determinant value D should be calculated, in accordance witti the 
sixth emtxjdiment Fig. 17(b) shows tiie judgement results of whether or not the vehicle traveling state is 
suitable for the detection of the air-pressure reduction in accordance with this seventii embodiment, in 
which numerals 1 to 5 shown below the symbols "o" and "x" denote the count values of the counter CNT 
in accordance witii this embodiment and numerals (1) to (5) shown above the symbols "o" and "x" denote 
tiie count values of the counter CNT in accordance witii the aforesaid sixtfi embodiment. Fig. 17(c) shows 
the judgement results of whetiier or not the determinant value D should be calculated, in accordance witfi 
this embodiment. 

As can be seen from Fig. 17(c). in accordance with this embodiment, the cycle of second time period 
ends when the cycle of first time period marked with the symbol "o" is continuously or intermittently 
observed five times as shown in Rg. 17(b). and the rotational angular velocities F} with little influence of the 
vehicle traveling state are all utilized for the calculation of the determinant value D. Therefore, the rotational 
angular velocities F| calculated in the cycle of first time period marked with symbol "o" which is enclosed 
by a square in Rg. 17(b) can be also utilized for tiie calculation of tiie determinant value, tfiough these 
rotational angular velocities F| are not utilized in accordance with the aforesaid sixth embodiment. Thus, this 
embodiment realizes a more accurate and quick detection of the air-pressure reduction than the aforesaid 
sixth embodiment. 

IX. Eighth embodiment 

Fig. 18 is a flow chart illustrating an operation for judging whetiier or not a determinant value is 
50 calculated in a tire air-pressure reduction detecting apparatus according to an eighth embodiment of the 
present invention. Reference is made again to Figs. 3 and 4 for the explanation of this embodiment. 

The CPU 2b calculates rotational angular velocities F} during the traveling of a vehicle (step Tl). detects 
a vehicle traveling state and judges whether or not the detected vehicle traveling state Is suitable for the 
detection of the reduction in tiie tire air pressure (step T2). 
55 If it is judged that the detected vehicle traveling state is suitable for detecting the reduction In the air 
pressure, the CPU 2b increments a counter CNTi for counting the number of the judgements that the 
vehicle traveling state is suitable for the detection of the air-pressure reduction (step T3). (The counter 
CNT, is preliminarily cleared in a step T7 or Til.) Then, the CPU 2b newly calculates sums SF, of the 

22 



)OCID: <EP 0357313A2^I. > 



EP 0 657 313 A2 



rotational angular velocities (step T4). and judges whether or not a count value Ci of the counter CNTi 
equals a predetermined value Ni (for example. = 5) (step T5). If the count value Ci does not equal the 
predetermined value Ni, the process returns to the step T1. On the other hand, if the count value Ci equals 
the predetermined value U^ , the determinant value D is calculated from the equation (34) described in the 

5 fifth embodiment, based on the sums SF| of the rotational angular velocities F| (step T6). Thereafter, the 
counter CNTi and the sums SFj are cleared (steps T7 and T8). 

On the other hand, if it is judged In the step T2 that the detected vehicle traveling state is not suitable 
for detecting the reduction in the air pressure, a counter CNT2 for counting the number of the judgements 
that the vehicle traveling state is suitable for the detection of the air-pressure reduction is Incremented (step 

10 T9). (The counter CNT2 is preliminarily cleared in a step 13.) Then, it is judged whether or not a count 
value C2 equals a predetermined value N2 (for example. N2 = 30) (step T10). If the count value C2 does 
not equal a predetermined value N2, the process returns to the step T1. On the other hand, if the count 
value C2 equals the predetermined value N2, the counter CNTi . the sums SF| calculated in the step T4 and 
the counter CNT2 are all cleared (steps Til, T12 and T13). 

J5 Thus, if the judgement that th© detected vehicle traveling state is not suitable for the detection of the 
air-pressure reduction is continuously made N2 times, the determinant value D is not calculated, in 
accordance with this embodiment. 

Rg. 19 is a diagram for explaining a general operation of the tire air-pressure reduction detecting 
apparatus according to the eighth embodiment. Fig. 19(a) shows the judgement results of whether or not 

20 the vehicle traveling state is suitable for the detection of the air-pressure reduction in accordance with this 
embodiment, in which numerals 1 to Ni and (1) to (N2) shown below symbols "o" and "x" denote the count 
values Ci of the counter CNTi and the count values C2 of the counter CNT2. respectively. Fig. 19(b) shows 
the judgement results of whether or not the determinant value D should be calculated. 

As can be seen from Fig. 19(b). in accordance with this embodiment, a second cycle is cleared when a 

25 first cycle marked with the symbol "o" is continuously repeated Ni times as shown in Fig. 19(a), or when a 
first cycle marked with the symbol "x" is continuously repeated N2 times as shown in Rg. 19(a). 

If it is continuously judged that the vehicle traveling state is not suitable for the detection of the air- 
pressure reduction, this may cause a long time lag between the detections of the vehicle traveling state 
before and after such continuous judgements. Therefore, it is considered that the rotational angular 

30 velocities F| calculated before the continuous judgements have a different influence of the vehicle traveling 
state from those calculated after the continuous judgements. To obtain a more accurate determinant value 
D. it is preferable to use rotational angular velocities Fj each calculated in a similar vehicle traveling state. 
Therefore, to cany out a more accurate detection of the air-pressure reduction, the cycle for judging 
whether or not the determinant value D should be calculated is renewed when the symbol "x" is 

35 continuously repeated N2 times, even if the judging cycle becomes a little longer. 

Claims 

1. A tire initial-difference correcting process for use in a tire air-pressure reduction detecting apparatus for 
40 detecting rotational angular velocities of the four tires attached to a four-wheeled vehicle and detecting 

a reduction In tire air pressure based on the detected rotational angular velocities, said process 
comprising the steps of: 

calculating a velocity of the vehicle; 

judging whether or not the calculated velocity is greater than a predetermined threshold level; 
45 determining to employ the rotational angular velocities, only when the calculated velocity is greater 

than the threshold level, for correcting an initial difference in dynamic load radii of the tires based on a 
variation in performance and air pressure of the respective tires; 

obtaining correction factors based on the rotational angular velocities determined to be employed 
for correcting the initial difference; and 
50 correcting the initial difference based on the correction factors thus obtained. 

2. A tire initial-difference correcting process for use in a tire air-pressure reduction detecting apparatus for 
detecting rotational angular velocities of four tires attached to a four-wheeled vehicle and detecting a 
reduction in tire air pressure based on the detected rotational angular velocities, said process 

55 comprising the steps of: 

calculating forward/backward accelerations based on the rotational angular velocities; 
judging whether or not the calculated forward/backward accelerations are lower than a predeter- 
mined threshold level; 
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determining to employ the rotational angular velocities, only when the calculated forward/backward 
accelerations are lower than the threshold level, for correcting an initial difference in dynamic load radii 
of the tires based on a variation in performance and air pressure of the respective tires; 

obtaining correction factors based on the rotational angular velocities determined' to t>e employed 
for correcting the initial difference; and 

con-ecting the Initial difference based on the correction factors thus obtained. 

3. A tire initial-difference conrecting process as set forth in claim 1 or 2. further comprising the step of 
calculating a vehicle traveling distance based on the rotational angular velocities, wherein the initial 
difference is corrected by using the rotational angular velocities collected until the calculated vehicle 
traveling distance reaches a predetermined straight traveling distance. 

4. A tire initial-difference correcting process as set forth in claim 3. further comprising the step of 
calculating an average of the correction factors calculated based on the rotational angular velocities 
collected until the calculated vehicle traveling distance reaches a predetermined straight traveling 
distance, wherein the initial difference set forth in claim 1 or 2 is corrected based on the calculated 
average of the correction factors. 

5. A tire air-pressure reduction detecting apparatus including a rotational angular velocity calculating 
means for calculating rotational angular velocities of tires attached to a vehicle, an air-pressure 
reduction judging means for judging whether or not a tire air pressure Is reduced based on the 
rotational angular velocities calculated by the rotational angular velocity calculating means, and a 
warning means for issuing and stopping a warning in accordance with a judgement result obtained by 
the air-pressure reduction judging means, said tire air-pressure reduction detecting apparatus compris- 
ing: 

a counting means for counting the number of judgement results obtained by the air-pressure 
reduction judging means in an ascending or descending order which depends on whether a judgement 
result obtained by the air-pressure reduction judging means indicates that the tire air pressure is 
reduced or that the tire air pressure is not reduced, said counting means being adapted to prevent a 
count value from exceeding a predetermined steady-state count which supports the judgement that the 
tire air pressure is not reduced; and 

said warning means being adapted to issue a warning when the count value reaches a predeter- 
mined waming threshold count which supports the judgement that the tire air pressure is reduced. 

6. A tire air-pressure reduction detecting apparatus as set forth in claim 5. comprising: 

said counting means being adapted to prevent the count value from exceeding a predetermined 
upper counting limit which supports the judgement that the tire air pressure is reduced, and 

said warning means being adapted to stop the warning when the count value reaches a predeter- 
mined warning stopping threshold count which supports the judgement that the tire air pressure is not 
reduced. 

7. A tire air-pressure reduction detecting apparatus including a rotational angular velocity calculating 
means for calculating rotational angular velocities of tires attached to a vehicle, an air-pressure 
reduction judging means for judging whether or not a tire air pressure is reduced on a predetermined 
cycle based on the rotational angular velocities calculated by the rotational angular velocity calculating 
means, and a warning means for Issuing and stopping a warning in accordance with judgement results 
obtained by the air-pressure reduction judging means, said tire air-pressure reduction detecting 
apparatus comprising: 

a time-measuring means; 

a memory means for storing the judgement results obtained by the air-pressure reduction judging 
means during a predetermined time period; 

a count judging means for judging, when the length of a time period measured by the time 
measuring means reaches a predetermined time length, whether or not a count value stored in the 
memory means for the judgement results indicating that the tire air pressure is reduced is not less than 
a predetermined first count value; and 

said warning means being adapted to issue a warning when it is judged by the count judging 
means that the count value is not less than the predetermined first count value. 
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A tire air-pressure reduction detecting apparatus as set forth in claim 7, wherein said count judging 
means is adapted to judge, when the length of a time period measured by the time measuring means 
reaches the predetermined time period, whether or not the count value stored in the memory means for 
the judgement results indicating that the tire air pressure is reduced is less than a predetermined 
second count value which is set to be less than the first count value, and 

said warning means Is adapted to stop the warning when it is judged by the count judging means 
that the count value is less than the predetermined second count value. 

A warning issuing/stopping process for use in a tire air-pressure reduction detecting apparatus, 
comprising the steps of: 

calculating rotational angular velocities of tires attached to a vehicle; and 

Issuing and stopping a warning in accordance with judgement results of whether or not a tire air 
pressure is reduced, based on the calculated rotational angular velocities; 

wherein the warning is issued when the counting of judgement results indicating that the tire air 
pressure is reduced is repeated a predetermined number of times, and the warning is stopped when 
the counting of judgement results indicating that the tire air pressure is not reduced is repeated a 
predetermined number of times. 

10. A tire air-pressure reduction judging process for judging whether or not a tire air-pressure is reduced 
based on rotational angular velocities of tires attached to a vehicle which are calculated on a 
predetermined cycle of first time period, said tire air-pressure reduction judging process comprising the 
steps of: 

detecting on the cycle of first time period a vehicle traveling state in relation to such factors as a 
velocity of the vehicle, a radius of curvature of a road on which the vehicle is traveling, lateral and 
fonft^ard/backward accelerations of the vehicle; 

judging on the cycle of first time period whether or not the detected vehicle traveling state is 
suitable for judging whether or not the tire air pressure is reduced; and 

judging whether or not the tire air pressure is reduced, by employing the rotational angular 
velocities calculated only when it is judged that the detected vehicle traveling state is suitable for 
judging whether or not the tire air pressure is reduced, without employing the rotational angular 
velocities calculated when it is judged that the detected vehicle traveling state is not suitable for judging 
whether or not the tire air pressure is reduced. 

11. A tire air-pressure reduction judging apparatus including a rotational angular velocity calculating means 
35 for calculating rotational angular velocities of tires attached to a vehicle on a cycle of first time period, 

and an air-pressure reduction judging means for judging whether or not a tire air-pressure is reduced 

based on the rotational angular velocities calculated by the rotational angular velocity calculating 

means, said tire air-pressure reduction judging apparatus comprising: 

a traveling state detecting means for detecting on the cycle of first time period a vehicle traveling 
40 state in relation to such factors as a velocity of the vehicle, a curvature radius of a road on which the 

vehicle is traveling, lateral and forward/backward accelerations of the vehicle; 

a traveling state judging means for judging on the cycle of first time period whether or not the 

vehicle traveling state detected by the traveling state detecting means Is suitable for judging whether or 

not the tire air pressure is reduced; 
45 a memory means for storing data of a judgement result obtained by the traveling state judging 

means which indicates that the vehicle traveling state detected by the traveling state detecting means 

is not suitable for judging whether or not the tire air-pressure is reduced, if it is so judged by the 

traveling state judging means; 

an adder means for adding up the rotational angular velocities calculated by the rotational angular 
50 velocity calculating means during a cycle of second time period which is equivalent to an integer 

multiple of the first time period; and 

said air-pressure reduction judging means being adapted to refer to the data stored in the memory 

means to judge whether or not the tire air pressure Is reduced based on a sum of the rotational angular 

velocities added up by the adder means. If there Is not stored the data of the judgement result 
55 indicating that the vehicle traveling state is not suitable, and to prohibit judging whether or not the tire 

air pressure is reduced during the cycle of second time period, if there is stored the data of the 

judgement result indicating that the vehicle traveling state is not suitable. 
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12. A tire air-pressure reduction judging apparatus including a rotational angular velocity calculating means 
for calculating rotational angular velocities of tires attached to a vehicle on a cycle of first time period, 
and an air-pressure reduction judging means for Judging whether or not a tire air-pressure is reduced 
based on the rotational angular velocities calculated by the rotational angular velocity calculating 
means, said tire air-pressure reduction judging apparatus comprising: 

a traveling state detecting means for detecting on the cycle of first time period a vehicle traveling 
state in relation to such factors as a velocity of the vehicle, a curvature radius of a road on which the 
vehicle is traveling, lateral and forward/backward accelerations of the vehicle; 

a traveling state judging means for judging on the cycle of first time period whether or not the 
vehicle traveling state detected by the traveling state detecting means is suitable for judging whether or 
not the tire air pressure Is reduced; 

an adder means for adding up the rotational angular velocities calculated by the rotational angular 
velocity calculating means during a cycle of second time period which is equivalent to an integer 
multiple of the first time period; and 

said air-pressure reduction judging means being adapted to judge whether or not the tire air 
pressure Is reduced based on a sum of the rotational angular velocities added up by the adder means, 
only when a judgement is continuously made a predetermined number of times by the traveling state 
judging means that the vehicle traveling state detected by the traveling state detecting means Is 
suitable few judging whether or not the tire air pressure is reduced. 

13. A tire air-pressure reduction detecting apparatus including a rotational angular velocity calculating 
means for calculating rotational angular velocities of tires attached to a vehicle on a predetermined 
cycle of first time period, and an air-pressure reduction judging means for judging whether or not a tire 
air-pressure is reduced based on the rotational angular velocities calculated by the rotational angular 
velocity calculating means, said tire air-pressure reduction detecting apparatus comprising: 

a traveling state detecting means for detecting on the cycle of first time period a vehicle traveling 
state in relation to such factors as a velocity of the vehicle, a curvature radius of a road on which the 
vehicle is traveling, lateral and fonvard/backward accelerations of the vehicle; 

a traveling state judging means for judging on the cycle of first time period whether or not the 
vehicle traveling state detected by tfie traveling state detecting means Is suitable for judging whether or 
not the tire air pressure is reduced; 

an adder means for adding up the rotational angular velocities calculated by the rotational angular 
velocity calculating means if it is judged by the traveling state judging means that the vehicle ti-aveling 
state detected by the ti-aveling state detecting means is suitable for judging whether or not the tire air 
pressure is reduced; 

said air-pressure reduction judging means being adapted to judge whether or not the tire air 
pressure is reduced based on a sum of the rotational angular velocities added up by the adder means, 
when a count of judgement results obtained by the traveling state judging means which indicate that 
the vehicle traveling state detected by the traveling state detecting means is suitable for judging 
whether or not the tire air pressure is reduced reaches a predetermined count. 

14. A tire air-pressure reduction detecting apparatus as set forth in claim 13. further comprising: 

means for clearing the sum of the rotational angular velocities added up by the adder means, when 
It is continuously judged a predetermined number of times by the traveling state judging means that 
the vehicle traveling state detected by the traveling state detecting means is not suitable for judging 
whether or not the tire air-pressure is reduced. 
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